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Introduction
Air pollution is a generic risk factor for human
health, especially for people living in urban areas.
This environmental issue is an important occupa-
tional risk factor for workers who operate in urban
setting for several hours a day. Air pollution is a
heterogeneous mixture of gases, liquids and partic-
ulate matter. The most important pollutants derived
from fossil fuel combustion, as vehicle exhaust and
industrial emissions. Many pollutants are responsi-
ble of pathological effects on human health. First of
all the atmospheric particulate matter, sulfur oxides,
ozone, carbon monoxide, benzene, polycyclic aro-
matic hydrocarbons and volatile organic com-
pounds(1, 2). Several studies show a strong statistical
association between chronic exposition to airborne
pollutants and cardiovascular diseases, including
myocardial ischemia and infarctions, heart failure,
arrhythmias, strokes and increased cardiovascular
mortality.
Numerous epidemiologic and toxicological
experiments show generally consistent associations
between cardiovascular mortality and chronic expo-
sure to particulate air pollution. A lot of research
evidence the important role of air particulate on the
progression of intimal thickness(3-14). Some research
conclude that exposition to air pollution is as a
potential atherogenic risk factor and insert it
between the traditionally known cardiovascular risk
factors(8-9, 11). Airborne particulate matter is com-
posed of two fractions: fine particles, so-called
“coarse particulate” (the average size between 2.5
and 10 µm), and ultra-fine, defined as “fine particu-
late” (dimensions less than 2.5 µm). Both fractions
can damage arterial endothelium with different bio-
logical pathways. The particles inhaled in the
bronchial tree, reach the lower respiratory ways,
and stimulate at least three different mechanisms:
activation of an inflammatory process with sys-
temic oxidative stress, alteration of the balance of
the autonomic nervous system and a potential direct
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ABSTRACT
Aims: To verify the possible correlation between exposure to airborne particulate matter the average size less than 10 µm (PM
10) of a group of newsagents working in kiosks in Palermo and evidence of carotid intimal thickening. 
Materials and methods: data were collected relating to environmental monitoring of airborne pollutants. We have selected a
sample of newsagents, who were submitted to some clinical investigations, including the carotid echo-color doppler examination. 
Results: The results show no correlation between the location of the kiosks, and the presence of intimal thickening. 
Conclusion: Exposition to urban pollutants in Palermo is likely homogenous in the different areas and can be considered an
ubiquitous atherogenic risk factor. 
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action on the arterial wall. Experimental studies
show that PM 10 increases the expression of
inducible nitric oxide synthetase (iNOS) and
cyclooxygenase-2 (COX -2) in endothelial cells and
increases plasmatic levels of endothelin-1. In vitro
tests also suggest an important role of alveolar
macrophages, which, if exposed to atmospheric
particulates, release cytokines stimulating the bone
marrow to increase the production of leukocytes
and platelets. These phenomena increase the pro-
gression of atherogenic injury on vascular endothe-
lium(15-24). Many scientists studied intimal thicken-
ing, as an important marker of preclinical athero-
sclerosis. Several prospective studies like the CHS,
the Rotterdam and the ARIC Study, defined carotid
intimal-media thickness (IMT) an important prog-
nostic indicator of atherosclerosis evolution. It is
used commonly like a positive predictive value of
cerebral and hearth ischemic events(25-27).
The aim of this study is to evaluate the pres-
ence of subclinical atherosclerosis, by the ultra-
sound measurement of carotid IMT, on a group of
newsagents working in outdoor kiosks inside the
city of Palermo, who are occupationally exposed to
urban pollutants airborne for several hours a day. It
also aims to observe possible correlation between
the IMT found and the exposure to different con-
centrations of PM10 in various areas of the city. 
Material and methods
Environmental monitoring
The first phase of the study focused on the col-
lection of data related to air monitoring in the urban
area of the city of Palermo. We used the results of the
monitoring carried out by A.M.I.A. (the local
Agency for environmental management of the city of
Palermo). We examined the time series from
01/01/2012 to 31/12/2012. The monitoring was car-
ried out by 9 fixed gas detection stations, variously
located in different areas of the city, all connected to
a single processing center and data recording. The
cabins are conform to the UNI EN ISO 9001:2000.
In the figure number 1 we illustrated location and
denomination of the cabins, in the urban context of
the city.
The parameters measured by the control cabins
are the daily average concentrations of sulfur dioxide
(SO2), the maximum value of the hourly averages
recorded between 00:00 am and 24:00 pm for nitro-
gen dioxide (NO2), the maximum value of the 8-hour
averages calculated every hour between the hours of
00:00 and 24:00 of carbon monoxide (CO), the max-
imum values of the hourly averages and averages
over 8 hours between 00:00 am and 24:00 pm of
ozone (O3), the daily and average annual concentra-
tions of benzene and PM 10. All values are expressed
in micrograms per cubic meter (µg/m3). 
For each parameter we observed the number
of exceedances of the limit value for the protection
of human health for the year. We found a significant
number of exceedances of limit values in the year
only for PM10, and so we considered just this pol-
lutant for the statistical analyses. The daily limit
value for the protection of human health within 24
hours of PM 10 is 50 µg/m3, as defined by current
italian legislation.
Examination of the sample
TWe have selected a sample of newsagents
operating in outdoor kiosks in the city, aged 18-65
years, without known chronic degenerative diseases.
Each newsagent worked for at least three years. We
recruited the sample, with personal interviews. The
questionnaire was designed to obtain information
about working environment and organization, like
location and surface of the kiosk, air conditioning
devices, hours of work, weekly rest and eventual
shifts, lunch break, vacations and sick leave. Every
newsagent, was subjected to a medical examination.
We investigated about familiar and personal cardio-
vascular risk factors, particularly smoking, eating
habits, lifestyle and sedentary. During the physical
examination we observed especially the cardiovascu-
lar system. Particular attention we paid to the possi-
ble presence of hearth and carotid murmurs. The
sample was then subjected to a venous blood sam-
pling for examining complete blood count, glycemia,
high density lipoprotein (HDL), low density lipopro-
tein (LDL), triglycerides, creatinine, transaminases,
gamma glutamyl transpeptidase (GGT), alkaline
phosphatase. We also performed an urinalysis, with
chemical-physical examination. For each subject we
made also instrumental tests such as electrocardio-
gram and ultrasound examination of the neck arter-
ies. The ultrasound study of the neck vessels was
performed using the criteria suggested by the
European society of Cardiology and Hypertension(28).
We examined the extracranial carotid arteries, using
as a threshold value for IMT, the value of 0.9 mm,
beyond which is defined as pathological. The exami-
nation was conducted with B-mode real-time ultra-
sound using a machine Toshiba 270 SS with a probe
of 7.5 to 10.0 MHz. The power output, focus, depth
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of measurement, and gain were standardized by
using preset program incorporated within the soft-
ware package of the ultrasound equipment. The
IMT was defined as the distance between the
echogenic line representing the intima-blood
interface and the outer-echogenic line repre-
senting the adventitia junction. After freezing
the image, the measurement was made with electron-
ic calipers. Patients were examined in the supine
position. The IMT was measured on the rear wall of
the common carotid artery at the distance of 1 cm
from the bifurcation. We made at least three projec-
tions and we used the mean value. 
Statistical analysis
The association between IMT and enviromental
and systemic variables was assessed using the χ2 test
or Fisher's exact test, as appropriate. A p value ≤ 0:05
was considered statistically significant. To measure
the association level, crude odds ratio (OR) and the
corresponding 95% test-based Confidence Interval
(CI) were calculated. The newsagents were divided
into eight groups, by the proximity with the most
important gas monitoring stations, in multilevel
logistic regression model. Variables tested for inclu-
sion in the multivariate model were those significant-
ly associated with intimal thickening at p ≤ 0.05 for
the univariate analysis, using manual forward selec-
tion. In order to assess the association between pollu-
tants and IMT, the average annual of PM10 was
included in the analysis too. The adjusted OR, with
95 % confidence interval (CI), was provided for all
independent variables included in the models.
Statistical analysis was performed using Stata
Software MP/11.2.
Results
Environmental monitoring
The collection of data related to environ-
mental monitoring has shown a number of
exceedances of the limit values for the protec-
tion of human health of PM 10 illustrated in
the table 1.
The average annual concentration of PM 10 is
illustrated in the table 2.
Characteristics of the sample
The selected sample is composed of 67
newsagents, 12 women (17.9%) and 55 men
(82.1%), with a mean age of 51.2 ± 8.1 years and
mean seniority working of 19.4 ± 9.9 years. 56 sub-
jects (83.6%) spend more than 12 hours a day inside
the kiosk, the rest of the sample, amounting to 11
subjects (16.4%), almost all female, spend 4-6 hours
in the kiosk. 20 subjects were smokers (29.8%), 47
subjects (70.2 %) were non-smokers or ex-smokers
over 10 years. We observed hypercholesterolemia
(total cholesterol in the blood above 220 mg/dl) in 19
subjects (28.4 %), with a consensual increase in LDL
cholesterol levels in 7 of them. Only in two cases
(3%) was detected isolated hypertriglyceridemia
(triglyceride in the blood above 150 mg/dl). We
found 15 cases (22.4%) of elevated blood pressure
levels and 14 cases (20.9%) of overweight, defined
as BMI greater than 25. Finally, 14 subjects (20.9%)
practiced regular physical activity at least two times
a week.
The echo-color doppler results are shown in the
table 3.
The number of kiosks evaluated for each con-
trol cabin of reference is shown in tab. 4.
The results of the statistical analysis are shown
in Table 5 and 6.
As shown in the table 5 we observed a statisti-
cal correlation between carotid IMT and the
age of the subjects, with a lack of statistical sig-
nificance: crude OR 2.72, p 0.04, 95% CI
(0.97-7.68). We found a weak correlation with
the daily exposure and also a statistically signif-
icant correlation between the IMT and blood
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Di Blasi Castelnuovo Giulio Cesare Belgio Torrelunga CEP Indipendenza Unità d’Italia Boccadifalco 
58 33 33 15 11 7 6 4 7
Table 1: Number of exceedances of the annual limit value for the
protection of human health
of PM 10 for each cabin (unite of measure: µg/m3). Daily limit
value for the protection of human health in 24 hours: 50 µg/m3.
Di Blasi Castelnuovo Giulio Cesare Belgio Torrelunga CEP Unità d’Italia Indipedenza Boccadifalco 
40 36 35 30 30 29 29 4 15
Table 2: Annual average of PM 10 (µg/m3) for each cabin.
No alterations Intimalthickening
Atherosclerotic plaque
(obstructing the arterial
lumen by up to 40%)
Atherosclerotic plaque
(obstructing the arterial
lumen by up to 60%) 
38 (56,7%) 23 (34,3%) 3 (4,5%) 3 (4,5%)
Table 3: number of alterations found by echo-color dop-
pler ultrasound.
Di Blasi Castelnuovo Giulio Cesare Belgio Torrelunga CEP Unità d’Italia Indipedenza Boccadifalco 
3 (4,5%) 15 (22,4%) 17 (25.4%) 7(10.4%) 4 (6%) 2 (3%) 9 (13,4%) 7 (10,4%) 3 (4,5%)
Table 4: Number of kiosks observed for the reference cabin.
pressure levels: crude OR 5.20, p 0.008, 95% IC
(1.7-24.9). The multivariate analysis is illustrated in
the table 6. It confirms these results and shows no
association between the alterations observed and the
levels of PM10.
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Variable n With Intimal thickness % Crude OR 95% CI  P
Age
≤51.2 37 12 32.4 1.00 0.046
>51.2 30 17 56.7 2.72 [0.97; 7.68]
Smoking
No 47 20 42.6 1.00 0.853
Yes 20 9 45.0 1.10 [0.33; 3.59]
Sedentary
No 14 5 35.7 1.00 0.520
Yes 53 24 45.3 1.49 [0.38; 6.42]
Seniority
≤19.4 35 12 34.3 1.00 0.120
>19.4 32 17 53.1 2.17 [0.79; 5.97]
Daily exposure time
Half a day 11 2 18.2 1.00 0.066
All the day 56 27 48.2 4.19 [0.75; 42.46]
Total Cholesterol
≤220 48 20 41.7 1.00 0.671
>220 19 9 47.4 1.26 [0.38; 4.17]
LDL Cholesterol
≤160 60 24 40.0 1.00 0.112
>160 7 5 71.4 3.75 [0.55; 41.58]
Triglycerides
≤200 65 28 43.1 1.00 0.846
>200 2 1 50.0 1.32 [0.02;106.49]
BMI
≤25 53 25 47.2 1.00
>25 14 4 28.6 0.45 [0.09; 1.83] 0.212
Blood Pressure
Normal 52 18 34.6 1.00 0.008
Hypertension 15 11 73.3 5.20 [1.27; 24.99]
In bold: statistically significant 
Table 5: Number of kiosks observed for the reference cabin.
Discussion
The data provided by the A.M.I.A. emphasize a
high level of diffuse pollution, especially of airborne
particulate. The levels of the other pollutants are not
relevant for human health and so we have not con-
sidered in the present study. The particulate matter
origin mainly from exhaust gas veicholar. Other
gases, such as nitrogen dioxide and sulfur dioxide,
benzene and carbon monoxide, originate in part also
from industrial emissions, almost absent in the city
and probably are less persistent in the atmosphere.
Palermo is also characterized by particular geograph-
ical connotation, included in a semi-circular basin,
the so-called “golden valley”, bounded on one side
by the sea and on the other side by a chain of moun-
tains, as we can see in Figure 1.
Industrial installations are located to the east
and west of the city, mostly out of the town. Inside
the “Golden Valley” weather conditions are quite sta-
ble, with consequent impact on the levels of airborne
pollution. We can affirm that, despite the number of
exceedances of the level of protection for human
health of PM10 was different in various units, the
variability of annual averages for each unit is
insignificant. If we exclude the unit Boccadifalco,
very peripheral, and Castelnuovo, in the shopping
center of the city, the others cabins have variable
annual average daily between 29 and 36 µg/m3. This
is a slight difference, in absolute terms. The lack of
variability in the concentrations of pollutants, the
proximity crow flies of various newsstands and the
particular geography of the site, make the concentra-
tions of PM10 quite homogeneous. So all urban
areas have a high level of pollution. This could
explain the absence of statistically significant corre-
lation between intimal thickening and the locations
of the kiosks.  Moreover a difference of a few micro-
grams per cubic meter probably cannot determine a
difference in the oxidative damage to the vascular
endothelium. We remember that the IMT is a multi-
factorial phenomenon and with a slow progression.
The results obtained show an overall percentage of
intimal changes amounted to 43.3%. There was, as
expected, a statistically significant correlation
between elevated blood pressure and the occurrence
of IMT. If we exclude from the study sample hyper-
tensive subjects, the percentage of intimal damage,
including thickening and atherosclerotic plaques,
appear to be 34.6%. This data should be compared
with a control population. Because we have not at
this stage of the study of an appropriate control pop-
ulation, we can compare our outcomes with the
results of the important cross-sectional study, defined
“Heart Project”(29-31), by the Italian Higher Institute of
Health (ISS). The “Hearth Project”, examined people
aged 18-65 years, with a low cardiovascular risk. It
was founded approximately 21% of the examined
people with artery endothelium damage, of which
13% it is represented by atherosclerotic plaques and
8% by intimal thickening. The results of the ISS
were found in a population comparable to our study
sample, except for occupational exposure to outdoor
urban environment. Few categories of workers in
Italy spend the majority of the day outdoors in areas
with high vehicle traffic, like newsagents. In the
study sample over the 80% of the subjects remains
within the newsstands for a time greater than 12
hours a day. The “Hearth Project” doesn’t make a
regional distribution of endothelium damage percent-
age, but we know that a decreasing north-south gra-
dient, documented throughout Europe, exist, as it is
demonstrated by numerous studies, such as the
IMPROVE Study(32, 3
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Characteristics of the newsagents a) OR 95%CI p
Age 
>51.2 vs ≤51.2 2.20 [0.77-6.27] 0.143
Blood pressure
Hypertension vs Normal 4.37 [1.17-16.30] 0.028
Characteristics of the pollution stations
PM10 1.00 [0.90; 1.12] 0.965
a) = Only variables significant in the univariate analysis are included. In bold: statistically sig-
nificant 
Table 6: Intimal thickening by characteristics of newsa-
gents and pollution stations: multivariate analysis.
Fig. 1: Location and name of control cabins in the urban
context.
Conclusion
The data provided by the A.M.I.A. emphasize a
high level of diffuse pollution, especially of airborne
particulate. The levels of the other pollutants are not
relevant for human health and so we have not con-
sidered in the present study. The particulate matter
origin mainly from exhaust gas veicholar. Other
gases, such as nitrogen dioxide and sulfur dioxide,
benzene and carbon monoxide, originate in part also
from industrial emissions, almost absent in the city
and probably are less persistent in the atmosphere.
Palermo is also characterized by particular geograph-
ical connotation, included in a semi-circular basin,
the so-called “golden valley2, bounded on one side
by the sea and on the other side by a chain of moun-
tains, as we can see in Figure 1. Industrial installa-
tions are located to the east and west of the city,
mostly out of the town. Inside the “Golden Valley”
weather conditions are quite stable, with consequent
impact on the levels of airborne pollution. We can
affirm that, despite the number of exceedances of the
level of protection for human health of PM10 was
different in various units, the variability of annual
averages for each unit is insignificant. If we exclude
the unit Boccadifalco, very peripheral, and
Castelnuovo, in the shopping center of the city, the
others cabins have variable annual average daily
between 29 and 36 µg/m3. This is a slight difference,
in absolute terms. The lack of variability in the con-
centrations of pollutants, the proximity crow flies of
various newsstands and the particular geography of
the site, make the concentrations of PM10 quite
homogeneous. So all urban areas have a high level of
pollution. This could explain the absence of statisti-
cally significant correlation between intimal thicken-
ing and the locations of the kiosks.  Moreover a dif-
ference of a few micrograms per cubic meter proba-
bly cannot determine a difference in the oxidative
damage to the vascular endothelium. We remember
that the IMT is a multifactorial phenomenon and
with a slow progression. The results obtained show
an overall percentage of intimal changes amounted
to 43.3%. There was, as expected, a statistically sig-
nificant correlation between elevated blood pressure
and the occurrence of IMT. If we exclude from the
study sample hypertensive subjects, the percentage
of intimal damage, including thickening and athero-
sclerotic plaques, appear to be 34.6%. This data
should be compared with a control population.
Because we have not at this stage of the study of an
appropriate control population, we can compare our
outcomes with the results of the important cross-sec-
tional study, defined “Heart Project”(29-31), by the
Italian Higher Institute of Health (ISS). The “Hearth
Project”, examined people aged 18-65 years, with a
low cardiovascular risk. It was founded approximate-
ly 21% of the examined people with artery endotheli-
um damage, of which 13% it is represented by ather-
osclerotic plaques and 8% by intimal thickening. The
results of the ISS were found in a population compa-
rable to our study sample, except for occupational
exposure to outdoor urban environment. Few cate-
gories of workers in Italy spend the majority of the
day outdoors in areas with high vehicle traffic, like
newsagents. In the study sample over the 80% of the
subjects remains within the newsstands for a time
greater than 12 hours a day. The “Hearth Project”
doesn’t make a regional distribution of endothelium
damage percentage, but we know that a decreasing
north-south gradient, documented throughout
Europe, exist, as it is demonstrated by numerous
studies, such as the IMPROVE Study(32, 33).
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